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history  of  technology  adoption  is  surprisingly  significant  for  today’s  national 
development  outcomes.  Our  strong  and  robust  results  are  for  1500  A.D. 
determining per capita income today We find technological persistence across 
long epochs: from 1000 BC to 0 AD, from 0 AD to 1500 AD, and from 1500 AD to 
the  present.  Although  the  data  allow  only  some  suggestive  tests  of  rival 
hypotheses to explain long‐run technological persistence, we find the evidence 
to be most consistent with a model of endogenous technology adoption where 
the  cost  of  adopting  new  technologies  declines  sufficiently  with  the  current 

























































































































































































































































































































































































































































































































































































































                                                 
12 Acemoglu, Johnson and Robinson (2002), for example. 
13 Peregrine (2003) constructs a measure of the urbanization rate that can take three values. 1 if the largest 
settlement is smaller than 100 persons. 2 if it is between 100 and 399 persons. 3 if it is larger than 400 persons.   
14 The working paper version of this article shows that the positive contemporaneous association between overall 
technology adoption and the urbanization rate is robust to controlling for distance to the Equator. 
   14












































































































































































































































































obtains from adopting  ct A Δ  new technologies technology is 
 
ct ct ct A Δ Θ = π           (3) 











































































≡ Θ         (6) 
It is quite clear from (5) that the long run dynamics of technology depend on the value of γ. 














































γ>2 or an increase in  ct Θ  .  
27 The parameter values are  ct Θ = .14, γ=1.5, and initial A = .0165. We experimented with different parameter 
values until we found an example like that shown in Figure 9.   21
































We further assume that  ct ct ct θ ε αθ θ + = −1 , where  , 0 0 = ct E θ ε for t>0. Then, it follows that the 
expected level of technology adopted at t given the adoption history up to time 0 is 












































     ct ct a y =        (10) 
Hence,  
















































































































































































































these insights by assuming that  ct ct l = θ , where  ct l is the log population and evolves according 
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Suppose that the profits and costs from adopting  cst A Δ  new technologies technology in sector s 
are, respectively  
cst cst cst A Δ Θ = π          (14) 











































































Θ Θ Θ =
Θ


















cs Θ ≡ θ . Note that, in this formulation, 
I
ct θ  captures (potentially time‐varying) factors that affect the 
return to adopting technology in all sectors, 
S






































τ τ      (18) 
and  
  







































































































α      (19) 
 
The empirical counterpart to equation (19) is 





   cst cst cst ct ct cst cst u a a a a + − + − = − − − − − − ) ( * 2 1 2 1 1 ϑ β β           (21) 
and instrumenting  2 1 − − − cst cst a a with  2 − cst a  . If  2 − cst a  is uncorrelated with  cst u  our estimate of 
ϑ  will be unbiased. We are going to implement regression (21) with t = 2000 AD, t‐1 = 1500 AD 





















































                                                 
34 We do not know whether the aspects of culture which are relevant for adoption of technology are fixed over a 500 
year period or time varying, but in either case, they are also likely to  be taken care off by one of the two arguments 
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Residual overall technology adoption level in 1500AD
   42
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Overall technology adoption level in 1500AD
  Table 1: Mechanisms for persistence of technology from economic history literature 
Mechanism for technology persistence  Examples from economic history literature 
Complementarities between existing 
technology and new technology (CT is 
“complementary to”) If a new technology is 
complementary to an old technology, then the 
cost of adopting the new technology is lower. 
The more technologies in the initial technology 
set, the more new technologies there will be that 
are complementary. 
Cement masonry CT roads and aqueducts under Romans 
(Mokyr 1990, pp. 19-20), Roman water lifting CT power 
transmission ( gears, cams, chains) (Mokyr 1990, p. 21), 
medieval waterwheels CT grain mills (Rosenberg and 
Birdzell 1986, p. 154), medieval heavy plow CT fallow 
system CT draft animals feeding on fallow and fertilizing 
field CT horse collar and nailed horseshoe (Mokyr 1990 pp. 
32-35), compass CT  astrolabe CT advances in astronomy 
CT oceangoing ships in 15
th century (Mokyr 1990, p. 47, 
Rosenberg and Birdzell pp. 72, 84), metallurgy CT 
Gutenberg press (Mokyr 1990, p. 48), new crops alfalfa and 
clover CT stall feeding of livestock CT animal fertilizer and 
abandonment of fallow system 1500-1750 (Mokyr 1990, p. 
58) Chain mail CT breastplates and armor for soldiers 
(Rosenberg and Birdzell 1986, p. 58), Textile machinery CT 
Chemical innovation on detergents, bleaches mordants, and 
dyes (Landes 1969, p. 108) 
Recombination of old technologies to make 
new technology. Many new technologies are 
novel combinations of old technologies. The 
greater the number of old technologies, the 
greater the number of possible combinations to 
make new technologies. 
“the lever , the wedge and the screw , … the ratchet , the 
pulley , the gear , and the cant” used to make Greek/Roman 
war machines (Mokyr 1990, p. 21), salt preservation of meat 
and improved transportation in 15
th century = long distance 
trade in cattle from rural areas to cities (Rosenberg and 
Birdzell 1986, pp. 75-76), steam power + iron and steel 
metallurgy = factory machines (Rosenberg and Birdzell 
1986, p. 146), steam engine + rails = railroad, refrigeration + 
steamships = long distance meat exports to Europe, 
electricity generation + conductors + meters + lamps = 
electric light (Rosenberg 1982, pp. 58-59), germ theory+ 
bactericidal molds + mass chemical production = penicillin 
(Mokyr 2002, p. 107) internal combustion engine + glider + 
propeller=airplane (Mokyr 2002, p. 114) 
Feedback from technology to science. When
techniques “work,” this gives new evidence to 
scientists to test theories why they work. 
Science will in turn be used to make further 
innovations in technique. “Science” should be 
defined very broadly beyond formal science to 
include general understanding of “laws of 
nature” or “the way the world is,” making 
statements that are true or false. Technology is 
defined as the toolkit of “techniques,” which are 
not “true or false,” but simply “work.” 
Working machines to Galileo’s general theory of machine 
principles (Mokyr 1990, p. 75), Steam engine to 
thermodynamics (Mokyr 1990, p. 90; Rosenberg 1982, p. 
14), food canning to bacteriology and germ theory of disease 
(Rosenberg and Birdzell 1986, p. 245), Wright brothers to 
aerodynamics (Mokyr 2005, Mokyr 2002, pp. 96-97) 
Rosenberg 1982, p. 157), discovery of transistor to field of 
solid-state physics (Rosenberg 2000, p. 33), telegraph to 
mathematical physics (Mokyr 2002, p. 90) 
Feedback from technology to lower access 
costs for knowledge. The more advanced are 
certain “access” technologies, the easier it is to 
obtain general scientific knowledge, which then 
lowers the cost of innovation and adoption.  
Greek/Roman alphabetization, Arabic numerals, Gutenberg 
printing, 19
th century innovation in paper and printing, lower 
transport costs for people and books, postal services, 
standard weights and measures, encyclopedias, ICT 
revolution (Mokyr 2002) Table 1 (continued): Mechanisms for persistence of technology from economic history 
literature
Spillover of technology from one sector to 
another. Technological ideas from one sector 
inspire new approaches to problems in other 
sectors.
Clockmaking and watchmaking beginning with 
medieval town clocks spillover to precision 
machining for factories in industrial revolution 
(Rosenberg and Birdzell 1986, pp. 148-150), 
Steam engine inventor Watt’s background was 
in mining industry, which required knowledge 
of metallurgy, chemistry, mechanics, and civil 
engineering (Mokyr 1990 p. 162); spillover 
from petrochemical industry for auto fuel to 
plastics and synthetic fibers (Rosenberg 2000 
p. 92)
Economies of scale. Some technologies have 
fixed costs or internal economies of scale such 
that it is only worth adopting them at higher 
scale of operation of the economy. The greater 
is initial technology, the greater the scale of 
operation of the economy. 
Larger oceangoing ships and expanding world 
trade in 15
th century (Rosenberg and Birdzell 
1986, pp. 82-83), Mechanical reaper (David 
1975), Assembly line and interchangeable parts 
(Mokyr 2002) 
Economies of scope of General Purpose 
Technologies. When a GPT is invented, it’s 
payoff is greater, the more technologies in 
which it can be used. Hence the greater is 
initial technology, the greater the payoff to a 
GPT.
Gutenberg printing press, Ocean-going ships in 
15
th century, Electric engine for factories in 
virtually all sectors and multiple home 
appliances (Rosenberg 1982, pp. 78-79), ICT 
(Mokyr 2002, pp. 112-113) 
Feedback from technology to improved lab 
equipment. Improved lab equipment lowers 
the cost of scientific discovery, innovation, or 
adoption. The better is existing technology, the 
better the lab equipment. 
Medieval optics made possible telescope and 
microscope (Rosenberg and Birdzell 1986, p. 
58), instruments measuring time, distance, 
weight, pressure, temperature, Volta’s battery, 
Petri dish (Mokyr 2005) advances in lens 
grinding to make better telescopes and 
microscopes (Mokyr 2002, pp. 97-100) 
Learning by doing. Much of technological 
progress consists of learning how to make old 
techniques work better through small 
adjustments, minor innovations, and adaptation 
to local circumstances.
Ocean-going ships since 15
th century improved 
sailing efficiency and ship design until advent 
of steam power (Rosenberg and Birdzell p. 
263), coal required to generate kilowatt-hour of 
electricity fell drastically over the decades; 
semiconductors moved from a single transistor 
on a chip to more than a million such 
components (Rosenberg 1994, pp. 14-15), high 
pressure steam engine design and transmission 
(Mokyr 2002, p. 84); transition from Bessemer 
to Siemens Martin steelmaking process (Mokyr 
2002, pp. 86-87)  “ACE” Dataset  Technology Dataset for 1000 B.C. & 0 A.D.
( 0 = indicates absence of technology,              
1 = presence of technology)
Writing & Records Communication
1 = None
2 = Mnemonic or nonwritten records 0,1
3 = True Writing 0,1
Technological Specialization Industry
1 = None
2 = Pottery 0,1
3 = Metalwork (alloys, forging, casting) 0,1
Land Transport Transportation
1 = Human Only
2 = Pack or draft animals 0,1
3 = Vehicles 0,1
Agriculture Agriculture
1 = None 0
2 = 10% or more, but secondary 1
3 = Primary 2
Military Military
1 = Stone Tools
2 = Bronze Tools Bronze weapons: 0,1
3 = Iron Tools Iron weapons: 0,1
Table 2: Coding Concordance Between “ACE” and the Technology Adoption Dataset 
Variable Description Values
Military
Standing Army An organization of professional soldiers. 0,1
Cavalry The use of soldiers mounted on horseback.   0,1
Firearms Gunpowder based weapons 0,1
Muskets The successor to the harquebus (the common firearm of European armies) was larger 
and a muzzle-loading firearm.  
0,1
Field Artillery Large guns that required a team of soldiers to operate.  It had a larger caliber and 
greater range than small arms weapons.
0,1
Warfare capable ships Ships that were used in battle are considered "warfare" capable. 0,1
Heavy Naval Guns Ships required significant advances in hull technology before they were capable of 
carrying heavy guns.
0,1
Ships (+180 guns), +1500 ton 
deadweight
Large warships that only state navies had the capability of building.    0,1
Agriculture 
Hunting & Gathering The primary form of subsistence. 0
Pastoralism The primary form of subsistence. 1
Hand Cultivation The primary form of subsistence. 2
Plough Cultivation The primary form of subsistence. 3
Transportation
Ships Capable of Crossing the 
Atlantic Ocean
Any ship that had successfully crossed the Atlantic Ocean. 0,1
Ships Capable of Crossing the 
Pacific Ocean
Any ship that had successfully crossed the Pacific Ocean. 0,1
Ships Capable of Reaching the 
Indian Ocean
Any ship that had reached the Indian Ocean from either Europe or the Far East. 0,1
Wheel  The use of the wheel for transportation purposes.  The most common use was for 
carts.
0,1
Magnetic Compass The use of the compass for navigation. 0,1
Horse powered vehicles The use of horses for transportation. 0,1
Communications
Movable Block Printing The use of movable block printing. 0,1
Woodblock or block printing The use of woodblock printing. 0,1
Books The use of books. 0,1
Paper The use of paper. 0,1
Industry
Steel The presence of steel in a civilization. 0,1
Iron The presence of iron in a civilization. 0,1
Table 3: Variables in the 1500 A.D. datasetTable 4: Descriptive statistics of Overall Technology Adoption
Period Number Obs. Average Std. Dev. Min Max
1000BC 113 0.45 0.28 0 1
0 135 0.73 0.28 0 1
1500AD 130 0.48 0.32 0 1
Current 109 0.45 0.2 0.15 1
Note: Overall technology adoption measure in a country results from ave
adoption across tecnologies in the sector and then averaging sectoral adoption measures across the sectors.Table 5: Descriptive statistics of Overall Technology Adoption by Continent
Period Continent Number Obs. Average Std. Dev. Min Max
1000BC
Europe 30 0.66 0.16 0.5 1
    
Africa 34 0.36 0.31 0 1
    
Asia 23 0.58 0.25 0.1 1
  
America 24 0.24 0.12 0 0.4
  
Oceania 2 0.2 0.14 0.1 0.3
0AD       
Europe 33 0.88 0.15 0.7 1
 
Africa 40 0.77 0.2 0.6 1
 
Asia 34 0.88 0.15 0.6 1
  
America 25 0.33 0.17 0 0.6
 
Oceania 3 0.17 0.11 0.1 0.3
1500AD     
Europe 32 0.86 0.07  0.69 1
  
Africa 39 0.32 0.2 0.1 0.78
Asia 25 0.66 0.19 0.07 0.88
America 24 0.14 0.07 0 0.26
Oceania 9 0.12 0.04 0 0.13
Current     
Europe 34 0.63 0.19  0.27 0.87
      
Africa 42 0.31 0.08 0.13 0.54
      
Asia 33 0.41 0.15 0.23 0.76
     
America 22 0.47 0.17 0.34 1





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.Table 13: Technology history, current technology and per capita GDP after controlling for arable land
Dependent Variable
I II III IV V VI VII VIII
Overall Technology adoption level in 1000BC 1.43 0.19
(2.83) (2.68)
Overall Technology adoption level in 0   1.51 0.25
 (1.79) (2.12)
Overall Technology adoption level in 1500AD   3.38 0.53
 (7.37) (7.43)
Log arable land  area 0.02 -0.008 -0.03 -0.17 0.01 -0.01 -0.01 -0.03
(0.43) (0.21) (0.88) (4.13) (0.48) (0.96) (1.74) (4.36)
Major and Minor european influence dummies NO NO
N 127 101 120 108 113 106 127 113
R2 0 0.17 0.14 0.55 0 0.23 0.26 0.57
Note: t-statistics in parenthesis computed using clustered standard errors.
All regressions include a constant.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0Table A2: Average adoption level by sector in the Empires
Year Empire
Agriculture Industry Communications Transportation Military
1000 B.C.
W. Europe 1 1 0.125 0.5625 0.56
China 1 1 1 1 0.5
Indian 1 0.83 0.33 0.5 0.66
Arab 1 1 1 1 0.75
0 A.C.
W. Europe 1 1 0.875 0.9375 1
China 1 1 1 1 1
Indian 1 1 0.66 0.83 1
Arab 1 1 1 1 1
1500 A.D.
W. Europe 1 1 1 0.6875 0.968
China 1 1 1 0.66 0.75
Indian 1 1 0.5 0.55 0.458
Arab 0.85 0.94 0.527 0.57 0.61
Note: W. Europe includes Spain, Portugal, Italy, France, United Kingdom, Germany, 
Belgium and Netherlands. Indian Empire includes India, Pakistan and Bangladesh.
Arab Empire includes Saudi Arabia, UAE, Yemen, Oman, Iraq, Iran, Syria, Lebanon, Jordan, 
Egypt, Libya, Tunisia, Algeria and Morocco 
Sectors